Vulnerability assessment is a useful planning tool in increasing an agriculture sector's adaptation to climate change. The tool can improve the decision making process of planners in generating policies or programs that may increase the resilience of agricultural systems during the occurrence of hazardous events. This study aims to assess the vulnerability of the agriculture sector in Mabalacat City relative to typhoon Santi by using Index Method and Geographic Information Systems. A vulnerability index map was generated based on the corresponding ratings of the indicator values. Barriers to adaptation and planning recommendations were identified as well.
Introduction
The widespread concern over the staggering effects of climate change, particularly in the agriculture sector, has become very serious. According to Easterling et al. (2007) : "The inter-annual, monthly and daily distribution of climate variables (e.g., temperature, radiation, precipitation, water vapour pressure in the air and wind speed) affects a number of physical, chemical and biological processes that drive the productivity of agricultural, forestry and fisheries systems.". These climate variability impacts on agriculture sector have been mostly harmful. For instance, intermittent impacts such as droughts and floods threaten the livelihood of rural people who are dependent on agriculture (Ranganathan et al., 2010) . Short-lived disasters such as typhoons damage farmer's homes, equipment, and irrigation infrastructure (FAO, 2003) . Such long-lasting impacts continue to pose food security threat. An increase in the frequency of climate extremes such as droughts and flooding may lower crop yields and livestock productivity (Easterling et al., 2007) . A decrease in the availability of water for irrigation is expected due to rainfall deficits caused by the intensity of droughts, reducing the amount of irrigated food production (FAO, 2003) . Crop losses may increase due to increased climate variability, and this impact will be one of the deciding factors that influence future food security (Ranganathan et al., 2010) . Several Asian countries have translated the impacts into devastating losses. In China, the great flood of 1991 affected 15 million hectares amounting to economic losses of RMB 78 million while the great drought of year 2000 affected 27 million hectares of crops amounting to economic losses of RMB 51 billion (Rui-Li and Geng, 2013) . Another study in China by Wang et al. (2012) focuses on the effects of climate change impacts on a saline agriculture system in north Jiangsu Province where, in 2010, a shortterm drought lowered the rice yield of a farm in the area and reduced the farm's net income by RMB 1.1 million. In Cambodia, crops and irrigation systems were destroyed in Teuk Krahom community due to typhoon Ketsana (UNDP, 2010) . Thailand also experienced drought impacts in its agriculture sector: In 2001, drought affected 51 provinces in the country and damaged 1.7 million rai of agricultural land; and in 2005, 71 provinces were affected and 13.7 rai of agricultural land was damaged (Ketsomboon and von der Dellen, 2013) . In Indonesia, climate change impacts such as droughts, flooding, and pest attacks contributed to crop failure, damaged settlements and farms leading to losses by farmers and fishermen in the Wajo District (Rolos et al., 2012) . Agricultural losses have also been experienced in the Philippines due to climate change impacts. PhilRice-BAS as cited by Lansigan et al. (2000) mentioned that typhoons, floods, and droughts have caused 82.4% of rice loss from 1970-1990.
Vulnerability Assessment
Measuring the sector's vulnerability to climate change impacts may be necessary to increase the sector's resilience. Vulnerability to climate change is defined as: "the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity" (IPCC, 2007) . Several factors such as sensitivity, exposure, and adaptive capacity describe vulnerability. Sensitivity to climate change is defined as "the degree to which a system is affected, either adversely or beneficially, by climate variability or change" (IPCC, 2007) . In the context of the agriculture sector, sensitivity to climate change refers to the threshold responses of crops to their climactic environment, affecting their growth, development, and yield (Porter and Semenov as cited by Easterling et. al, 2007) . Exposure is defined by IPCC (2007) as "The nature and degree to which a system is exposed to significant climatic variations". The degree and duration of climatic variations affect the exposure of the system to climate change impacts (Adger as cited by Fellman, 2012) . Adaptive capacity, the last vulnerability indicator, is defined by IPCC (2007) as "The ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences". There are several forms of adaptation to climate change in the context of agriculture, such as policies, access to climate information, and new cropping patterns and technology. Policies aimed at promoting successful climate change adaptation for the agricultural sector are driven by understanding the following factors: farmers' perceptions of climate change, ongoing adaptation measures, and the decision making process (Bryan et al., 2012) . Crop diversification and improvement of cropping patterns are also common adaptation strategies in the farm level (Calzadilla et al., 2012) . In terms of access to climate information, seasonal climate forecasts provide an opportunity for farmers to adopt new technologies and intensify production or select lower risk, lower return strategies (Vermeulen et al., 2011) . The levels of sensitivity, exposure, and adaptive capacity in a system determine its overall vulnerability. According to Fellman (2012) , these definitions from IPCC imply that a system is vulnerable to climate change if it has a high sensitivity and exposure to the effects of climate change impacts and if it has an inadequate capacity to adapt. Vulnerability assessments often create policy measures that enhance the ability of communities to respond to stressors and secure livelihoods, which in turn reduce their vulnerability to future climate change impacts (Carter et al., 2007) . In the context of agriculture, an assessment of agricultural vulnerability should help identify vulnerable agricultural regions and systems, resulting in recommendations of specific adaptation measures (Fellman, 2012) .
Study Area
This study focuses on the climate change vulnerability assessment in the agriculture sector (i.e., crop production) of Mabalacat City, located in the northern Philippines. Out of the city's total land area, there are 799 hectares of agricultural areas allotted for rice production and 85 hectares for corn production (MCAO, 2014) . These agricultural areas are vulnerable to the adverse effects of climate change since crop damages have been recorded during the occurrence of major typhoons in the city (MCAO, 2014) . For instance, in 2009, Typhoon Ondoy destroyed 78.17 hectares of rice in the city. In August 2013, Typhoon Maring resulted in crop losses amounting to 1.594 million pesos. And in the same year, Typhoon Santi caused losses in crop production amounting to 4.258 million pesos.
The main objective of this study is to assess the vulnerability of Mabalacat's agriculture sector relative to typhoon Santi for the purpose of aiding the local government unit to plan adaptation effectively. Typhoon Santi was chosen as the basis of the vulnerability assessment in this case study because it was identified by the agriculture office as the most destructive typhoon, so far, that affected the city's agricultural areas.
Methodology
The methodology used for the vulnerability assessment in Mabalacat City includes the Index Method and Geographic Information Systems. Index method is a tool that complements or validates existing disaster risk assessment results with the use of indicators (NEDA, 2012 ). An index is described by NEDA (2012) as "a composite measure of any social phenomenon which dimensions are reflected by various indicators that serve as the units of analysis." Using a set of indicators is a common method to quantify vulnerability to climate change (Fellman, 2012) . Vulnerability indicators are a credible means for decision-makers in identifying priority needs (Harley et al., 2008) . In the context of agriculture, Fellman (2012) provides examples of biophysical indicators, namely, agricultural productivity with regard to crop yield; and socio-economic indicators such as agricultural income from crop production.
After obtaining the rating for each indicator, a weighted summation is generated for each vulnerability component based on each indicator's weight allocation, which is then integrated into a final vulnerability index. In this regard, there are several other ways of using weighted allocations for the index method. For instance, Heltberg and BlonchOsmolovskiy (2011) classify various methods for aggregating variables into sub-indices and sub-indices into composite indices such as: simple averages that assume equal weights for all variables; weighted averages that use expert judgment to determine weights; and regression-based weights in which the objective measure of the outcome (vulnerability) is assumed to have an existing value. Although indicators are quantitative in nature, and, therefore, assumed to be accurate, there are still issues regarding their use. According to Fellman (2012) , the significance of particular indicators can vary in different regions since vulnerability is place-based and context specific. Harley et al. (2008) believe that it is unlikely for a single indicator or set of indicators for vulnerability to be universally applicable. Fussel (2009) mentions, on the other hand, that indices of vulnerability such as observed data on socioeconomic and environmental factors are unable to identify important risks of climate change particularly in the medium and long-terms.
Geographic Information Systems or GIS is also used for the vulnerability assessment in this study. Geographic Information Systems is defined as a "computer system capturing, storing, checking, integrating, manipulating, analyzing and displaying data related to positions on the Earth's surface" (UNDP, 2010). GIS is a very valuable tool even in the context of vulnerability assessment. For instance, GIS can identify locations with high vulnerability to climate change since it can display data obtained from hazards, sensitivity, and adaptive capacity in a place-based format (UNDP, 2010) . Through the ArcGIS 10.1 software, the agricultural areas in Mabalacat City were located in a base map by the respondents. Existing documents such as comprehensive land use plans, which provided information pertaining to location of agricultural areas, were referred to. In case of discrepancies in the location of the areas, the respondents, through a workshop, manually traced the location of agricultural areas on a printed aerial photo of Mabalacat City. The latter approach is suitable for the less technically trained since some the respondents provided more accurate information given a spatial image of the agricultural areas. Once identified by the respondents, the areas were digitized in the ArcGIS software. Seventeen agricultural areas in Mabalacat City have been acknowledged by the respondents to be included in the vulnerability assessment. These areas include Atlu Bola, Bical, Bundagul, Cab Com 1, Cab Com 2, Cacutud. Calumpang, Camachiles, Dapdap, Drop zone, Duquit, Mamatitang, Mangalit, Mawaque, Sapang Biabas, Sapangbalen, and Sta. Maria.
Data Collection
Group interviews, focus group discussions, and workshops were conducted to obtain primary data. A purposive sampling method was used to determine the respondents since only a few stakeholders in Mabalacat City had the following qualifications: 1) involvement in planning agricultural projects and activities, 2) willingness to participate in this research, and 3) capability of understanding technical terms in both agriculture and climate change. Based on the selection process, the respondents consisted of members of the agricultural office and representatives of the planning office. On the other hand, a documentary method was used to obtain secondary data such as damage reports, comprehensive land use plans, agricultural statistics in the area, etc.
A set of indicators was chosen for sensitivity, exposure, and adaptive capacity through a focus group discussion with the respondents. To guide the respondents in selecting the appropriate indicators, they were given an option to choose from the list of indicators provided from the vulnerability assessment guidelines of NEDA (2012). After selecting the indicators, some adjustments have been applied in the scale classifications and ratings since the indicators in this study applicable in a barangay level basis, which differ from the indicators provided by NEDA (2012) since the latter requires a provincial level basis. The chosen sensitivity, exposure, and adaptive capacity indicators, as well as their corresponding scale classifications, ratings, and data sources are discussed in the next section.
Vulnerability Indicators

Sensitivity indicators
Rainfall volume, average typhoon wind speed, and plant growth stage during typhoon are the sensitivity indicators for the vulnerability assessment. The first indicator of sensitivity depicts the average rainfall data of Mabalacat City. The assumption was that the average rainfall volume was constant throughout Mabalacat City. The second sensitivity indicator pertained to the average wind speed of typhoon Santi that hit Mabalacat City. The average speed was derived from calculating the typhoon wind speed of Santi within its two-day occurrence in the Philippines (Oct. 11 and Oct 12.). It was also assumed for this paper that the average wind speed was constant throughout the City. The last sensitivity indicator displays the plant growth stages of the crops in Mabalacat City during the occurrence of typhoon Santi. In cases of barangays having crops at different plant growth stages, the plant growth stage with larger number of crops was chosen for this indicator. Crops that are in the harvestable stage during typhoons are considered highly vulnerable sector since economic losses are greater at that stage.
Exposure Indicators
Affected Production Areas, affected farmers, damaged farmer equipment/houses/infrastructure, and frequency of typhoons are the chosen exposure indicators. The first exposure indicator refers to the extent of affected agricultural areas during the typhoon Santi. From the damage reports provided by the Agriculture Office, data were obtained by dividing the affected area size by the total agricultural area size in each barangay. The second exposure indicator refers to the number of farmers affected during typhoon Santi. To serve as basis of data, the number of farmers affected in each barangay from the damage reports was divided by the total number of farmers in the area. The third exposure indicator refers to the extent of typhoon damage on the farm houses, equipment, and post-harvest structures when Santi hit the city. Since the damage reports of Typhoon Santi had no data on these pieces of information, the respondents assigned in the affected barangays were asked to give their perceived ratings. The fourth indicator for exposure refers to the frequency of typhoons affecting Mabalacat City. The data for this indicator may be obtained from the number of 150-kph typhoons in 3 years. Mabalacat City was struck by major typhoons in the last three years, and it was the past year's two typhoons, Maring and Santi, that caused the most destruction so far.
Adaptive Capacity Indicators
Access to Crop Insurance, Access to Typhoon Forecasting Information, and Access to Planting Calendar Bulletins are the chosen adaptive capacity indicators. The first adaptive capacity indicator, namely, access to crop insurance, is based on the data provided by the Philippine Crop Insurance Corporation (PCIC) program which immediately assisted the farmers affected by the typhoon Santi. The corporation usually assigns a person to conduct interviews with farmers whose crops get damaged by a calamity and to determine the insurance claim based on the responses of the farmers. The second adaptive capacity indicator map refers to the type of farmer's access to typhoon forecasting information such as television, radio, internet, or any other means. The third adaptive capacity indicator refers to the farmers' access to planting calendar bulletins. According to the respondents, farmers follow a twoseason pattern for cropping every year: dry season which occurs from March 16 to September 15 and the wet season which occurs from September 16 to March 14. Aside from this cropping pattern, there are no other information or calendar bulletins that the farmers follow. 
Weight allocations
The weights of the vulnerability indicators and sub indicators for the relevant climate change impacts were determined by the respondents' answers during the group interview. The group interview was conducted in such a way that the respondents had to agree among themselves collectively as to what the final weight allocations of the indicators were. Weights of the vulnerability indicators varied depending on the stakeholders' view of the relevance of each vulnerability indicator. The total weight allocations for both the vulnerability indicators (sensitivity, exposure, and adaptive capacity) and sub-indicators of each vulnerability indicator must not exceed 100%. The weight allocations of each vulnerability indicator as well as those of their corresponding sub-indicators are shown in table 2. 
Results and discussion
The ratings derived from the first two sensitivity indicators: rainfall volume and typhoon wind speed are derived from secondary data sources. Mabalacat City has a yearly rainfall average of 202 millimeters and a peak season from June to September. On the other hand, the average wind speed of typhoon Santi that hit Mabalacat City amounted to 197 kilometers per hour. Although no entity in the LGU documented the rainfall volume and typhoon speed in the city, the accuracy of the data was validated by the respondents who had a first-hand experience of typhoon Santi as its strong winds destroyed the agricultural areas and its heavy rainfall resulted in overflow of bodies of water in the city. The third sensitivity indicator (plant growth stage) indicates that 12 barangays had crops in harvestable stage while the remaining 5 barangays had crops in the reproductive stage. The difference in the plant growth stages of the barangays was attributed to factors such as difference in commencement of planting periods and in crop varieties (some rice crops grow faster than the others). All barangays have final sensitivity ratings classified as "very high". For the results on exposure ratings, the respondents mention that several factors may have caused the difference in the exposure ratings of the barangays such as proximity of agricultural areas to bodies of water, lack of farming resources, number of crops planted, and crop variety. Eight barangays have final exposure ratings classified as "high", while three barangays have ratings classified as "moderate" and six barangays have final exposure ratings classified as "very high". Similar to the exposure indicators, the adaptive capacity generated varied ratings among the barangays because of their diverse characteristics. The first indicator of adaptive capacity (access to crop insurance) shows the percentage of affected farmers who claimed their crop insurance for typhoon Santi. Several reasons were given by the respondents relative to the differences among the insurance coverage of the farmers in Mabalacat City such as expiration of insurance claims, non-compliance of farmers with the application deadline, absence during interviews, and ignorance of technical terms. For information regarding the second adaptive capacity indicator (access of farmers to typhoon information), the respondents said that all barangays relied only on television or radio for information whenever a typhoon arrived in Mabalacat City. No early warning system or evacuation route was provided by the local government unit, leaving the farmers reliant only on their customary responses. Finally, the third adaptive capacity indicator indicates that the agriculture office provided a two-season calendar as a guide for the farmers. However, respondents add that some farmers tend to have their own planting schedule depending on their adequacy of farming inputs and irrigation requirements. (kph) 197 197 197 197 197 197 197 197 197 197 197 197 197 197 197 197 197 Indicator 3 
Vulnerability findings
The vulnerability index, derived from the weighted summations of sensitivity, exposure and adaptive capacity ratings, shows that all barangays with agricultural areas in Mabalacat City have vulnerability ratings classified as "High", except for Bundagul, Cacutud, Camachiles, Mamatitang, Mawaque, Sapang Biabas with vulnerability ratings classified as "Very High". 
Barriers to Adaptation
Various barriers to adaptation that contributed to increasing the vulnerability of Mabalacat City's agriculture sector were identified by the respondents. These adaptation barriers include: lack of access to climate information, lack of synchronized farming schedule, and issues on crop insurance implementation. One main problem of the agriculture sector of Mabalacat City was the farmers' lack of access to typhoon information. The farmers of Mabalacat City were not able to access available information on typhoon forecasts from government agencies such as PAG-ASA (Philippine Atmospheric Geophysical and Astronomical Services Administration). In addition to existing information from PAG-ASA, an existing program called Climate Field School has been initiated by the Department of Agriculture to help farmers avail themselves of climate information and adjust their cropping patterns accordingly (Mendoza, 2012) . Although this initiative could have helped solve the problem, members of the Mabalacat Agriculture Office were not yet aware of this program since it was relatively new and not yet fully established in other agricultural areas in the country. The difference in planting schedule among farmers led to several concerns such as the occurrence of typhoons during harvestable plant growth stages of crops in most barangays resulting in huge economic losses. The difference in farming schedule was attributed to the difference of resources among farmers, outdated planting calendar, and crop variety. Those who had enough farming inputs such as seedlings, irrigation requirements, and fertilizers tended to follow the cropping schedule on time while those who lacked inputs tended to delay their timetable. The respondents mentioned that the prevailing reason for their failure to fully claim their crop insurance for Typhoon Santi is failure to do the following tasks: complying with the required harvest schedule, submitting insurance requirements on time, attending the adjuster interviews, and knowing the agricultural technical terms needed.
Conclusion
The results of the vulnerability assessment have been useful in generating planning measures which can increase the resilience of Mabalacat City's agriculture sector to the impacts of climate change. The index method identified the major drivers of vulnerability during Typhoon Santi. Moreover, the vulnerability index map produced using GIS located the vulnerable areas in a spatial manner. The results of the assessment indicate the need for the local government unit of Mabalacat city to generate measures to reduce the vulnerability of Mabalacat City's agriculture sector to climate change. For instance, the farmers of Mabalacat City must be guided properly by the Agriculture Office to make sure that benefits from the crop insurance are fully realized. Proper orientation of farmers regarding insurance may include the following activities: lectures on climate and agriculture information, Interview Simulations, creation of planting calendar/Monitoring of harvest seasons. In addition, the LGU may opt to strengthen the farmers' associations to enhance the support system of farmers or provide contingency plans for the disadvantaged farmers to tackle disparity in agricultural resources of farmers in affected barangays. Moreover, adopting the Climate Field School program is another option for the LGU to train farmers adapt to the adversity of climate change. Farmers can have access to accurate typhoon data which they can interpret and translate into efficient cropping patterns. Through the program, updating their planting calendar is also made easy since weather forecasts are able to provide climate change related information. Although this study has its limitations, particularly the vulnerability assessment tool being time and context specific, it contributes to addressing the threat of climate change. The study can serve as a practical guide in local government planning and in empowering those who are being involved in climate change adaptation.
